New techniques for single-cell analysis have led to insights into hematopoiesis 29 and the immune system, but the ability of these techniques to cross-validate and 30 reproducibly identify the biological variation in diverse human samples is currently 31 unproven. We therefore performed a comprehensive assessment of human bone 32 marrow cells using both single-cell RNA sequencing and multiparameter flow cytometry 33 from twenty healthy adult human donors across a broad age range. These data 34 characterize variation between healthy donors as well as age-associated changes in cell 35 population frequencies. Direct comparison of techniques revealed discrepancy in the 36 quantification of T lymphocyte and natural killer cell populations. Orthogonal validation of 37 immunophenotyping using mass cytometry demonstrated good correlation with flow 38 cytometry. Technical replicates using single-cell RNA sequencing matched robustly, 39 while biological replicates showed variation. Given the increasing use of single-cell 40 technologies in translational research, this resource serves as an important reference 41 dataset and highlights opportunities for further refinement.
141
samples was performed with goal minimum sequencing depth of 50,000 reads/cell and 142 detected a mean of 880 genes/cells (range 575-1,390 gene/cell, Table 1 ). Greater than 143 90,000 cells were captured; using quality filters of at least 500 genes per cell and less 144 than 8% mitochondrial RNA content, 76,645 cells were analyzed in the final analysis.
145
To account for sample variations between donors, alignment of all samples was 146 performed in Seurat using canonical correlation analysis (CCA) then visualized using t-7 distributed stochastic neighbor embedding (t-SNE). Cell clusters were distinguished 148 using the Louvain clustering algorithm implemented in Seurat. Compiled analysis of all 149 donor cells is annotated in Figure 1A with the contribution of each individual donor 150 displayed in Figure S1 . All major previously identified populations of bone marrow 151 mononuclear cells were present in the clustered scRNAseq analysis.
152
Single cell trajectory analysis was performed using Monocle 3. As there were 153 potentially multiple disjoint trajectories in this complex dataset containing a large number 154 of cells, UMAP was used for dimension reduction. The resulting development 155 trajectories clearly display the major lymphoid, myeloid and erythroid lineages of 156 hematopoiesis with correct ordering of developmental stages ( Figure 1B ). Trajectories 157 of erythroid and myeloid lineages could also be created using an earlier, well validated, 158 version of this software (Monocle2, see Figure S1 ) and were consistent with those 159 observed for the full dataset. Figure S1 ).
167
A potential use of scRNAseq is to compare across two or more samples. To confirm 168 the validity of scRNAseq for this approach, assay reproducibility was determined by 169 preparing duplicate, side-by-side libraries from cells thawed from the same 170 cryopreserved vial, for a total of three cryopreserved samples.
Cell subtype 171 quantification for each of these technical replicate pairs matched robustly ( Figure 1D ).
172
The optimum number of cells required to identify, using scRNAseq, sub-populations 8 within a heterogenous samples remains an area of interest (13). Technical replicates 174 ranged from 1,138 to 6,692 cells from the same sample (Table 1) .
175
Flow cytometry 176 13-color flow cytometry using five customized panels ("T, B, NK, Mono and DC", see 177 Figure S2 ). between scRNAseq and mass cytometry for T cells was -6.5% (95% CI: -29% to 16%) 215 and for NK cells was 3.2% (95% CI: -1.1% to 7.6%).
216
CD8 cytotoxic T cells and NK cells are known to have substantial overlap at the 217 transcriptome level (15). To better understand systemic bias in the frequency of NK or T 218 cells identified, we confirmed that overlapping gene signatures are found in clusters 219 annotated as NK or T cells in this scRNAseq data set ( Figure S4 ). The reasons for this 220 bias are likely however multifactorial. Table S4 .
230

Discussion
231
Changes in the immune system (14) and hematopoiesis (18) 
11
As a data resource, these high-dimensional approaches to bone marrow 252 characterization add valuable information on transcriptional and cell surface marker co-253 expression. The growing number of bioinformatics tools for mass cytometry (23) 
431
All population comparisons are shown in background in grey. 
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